The demonstration of the transplantability of cancers gave early impetus to the conception of autonomy and led immediately to the hope that their independent nature would eliminate species barriers and allow growth in alien hosts. Numerous experiments were performed with this point in view, but the majority of workers have reported failure or results of a controversial nature, so that at the present time, the general concept of cancer autonomy remains restricted in scope and has not been extended to include growth in a foreign species.
The extensive literature dealing with the heterologous transplantation of mammalian tumors has recently been reviewed and reference to the many experiments will not be repeated here (1) . Successful transfer between species was undoubtedly effected in several instances. Murphy transferred the Jensen rat sarcoma to the developing chick embryo and was able to carry the tumor serially in this host (2) . Transfer back to the rat resulted in takes but all attempts to transplant the tumor to adult chickens failed. Shirai reported briefly the transplantation of a rat sarcoma to the brains of adult mice but, apparently, serial transfers were not attempted (3). Putnoky transplanted Ehrlich's mouse carcinoma subcutaneously to adult rats (4) and has maintained the tumor by serial transfer in this species since 1929. A large inoculum of 300 to 500 mg. of tumor is used and growth is rapid. Regression begins by the 10th day and transfer must be made at this time. Histologically, the appearance of the tumor is identical with that in the mouse host. Finally, Luck6 and Schlumberger have recently reported the successful transfer of a frog tumor to other cold blooded species (5) .
Other claims of successful heterologous transfer cannot be accepted without reservation. Keysser and his associate, Hegner, have reported the successful transfer of carcinomata and sarcomata from the mouse to the vitreous humor of rats but their claim could not be substantiated by . These authors have also described the heterologous transplantation of human cancers, using the same technique. However, they were unable to rule out the possibility that the tumors observed in the experimental animals were of spontaneous origin and, because of the time relations and the morphology of the growths, this seems highly probable. Such a view was held by Aschoff 461
and is shared by others who have reviewed the experiments critically (10) . Smirnova recently described the successful heterologous transplantation of a variety of tumors to the anterior chamber of the eye but the account is not sufficiently detailed to allow critical judgment (11) .
Experience with the homologous transfer of rabbit tumors in this laboratory had demonstrated the advantages of the anterior chamber of the eye as a transplantation site. The ease with which transfer was effected, utilizing this mode of implantation in contrast to the complete failure encountered in other bodily regions, suggested that it might prove an efficient means of transferring tumors between animals of different species. This suggestion was subjected to test, and the results of early experiments were recorded in a preliminary report in 1938 (12) . The success which attended the experiments led to broader investigations and the work has been extended in various directions. Other rabbit and human tumors have been utilized and studies have been undertaken in an attempt to discover the factors determining transplantability to an alien species. In addition, the specific nature of the tissue grown in the foreign host and the relation of alterations in the tissue to autonomic properties have been investigated. The object of the present paper is to report in detail the results of the heterologous transplantation of a series of rabbit tumors. A second paper will be concerned with the successful transplantation of human tumors and a discussion of the results of the two groups of experiments. Subsequent reports will deal with additional investigations indicated above.
Material and Methods
The tumors used in this series of experiments consisted entirely of rabbit carcinomata and included the uterine cancer, H-31 (13), the breast cancers, T-36 and B-240 (14) , and the Brown-Pearce tumor (15) . Control experiments were performed with normal adult endometrial and mammary tissue as well as with embryonic parts. The foreign species tested were guinea pigs, swine, goats, and sheep.
The animals were not subjected to special treatment either before or after transfer but were maintained under ordinary conditions of cage or pasture life. The tumors were always carried for one or more generations in the anterior chambers of rabbits' eyes before heterologous transfer was attempted. On the other hand, normal tissues were used directly on removal from the primary host.
The technique of transplantation employed has been described already (13) , but because of the significance of the mode of inoculation in the present connection, the essential features will be repeated. The eye to be used is first anesthetized with a 5 per cent solution of cocaine. The anterior chamber is opened close to the superior margin of the corneoscleral junction by means of a short quick stab with a double-edged corneal knife. A small amount of aqueous humor is allowed to escape, and a fragment of tumor tissue measuring approximately one millimeter in diameter is inserted into the chamber, using either forceps with fine serrated points or a small beveled trocar. The fragment is then forced into the inferior angle of the iris by applying light pressure along the corneal surface with a blunt instrument. The corneal incision closes after withdrawal of the inserting instrument and further care is unnecessary.
H-31 Tumor
The first attempts to transfer rabbit tumors to an alien species were made with the adenocarcinoma, H-31. This tumor originated in the endometrium of a rabbit's uterus, and its growth characteristics following homoioplastic transplantation in the anterior chamber of the eye have been extensively studied (16) . In brief, takes occur in 90 per cent of rabbits, growth of the fragments is evident during the 2nd week after transfer, and the chamber is usually completely filled by the 30th day. Regression of the tumor follows in approximately 70 per cent of cases, but in others growth is progressive and metastasis occurs after 6 to 8 months.
Guinea pigs, swine, and goats have been employed in heterologous transplantation experiments, and in each instance transfer of the tumor to the new species has been successfully performed.
Guinea Pigs.-The first experiment utilizing guinea pigs was undertaken in February, 1938. Tumor fragments derived from the eye of a rabbit of the sixth serial generation were placed in the anterior chambers of two 300 gm. pigs. Growth of the fragments was evident on the 16th day and in both instances the tumor had increased to fill the chamber by the 50th day.
Other successful transfers of this tumor from the rabbit host to guinea pigs were made in March, August, and November of the same year and in February of the following year (Table I ). The material employed in these instances was obtained from the 13th and 15th anterior chamber generations and the first and sixth testicular generations in the rabbit series. It should be emphasized, however, that subsequent attempts to transplant tumor tissue derived from later eye generations in the rabbit were unsuccessful and transfers performed in October, 1939, and in January and April, 1940, using tissue from the 26th, 29th, and 32nd generations, gave rise to no takes.
Serial transplantation of the growths resulting in guinea pigs was successfully effected. The tumor arising from the first experiment performed in February, 1938, was carried by consecutive anterior chamber transfer through four guinea pig generations, while that resulting from the November experiment of the same year was carried for five serial generations. Serial transfers were discontinued in both cases for reasons of economy and there is no cause to believe that the tumors could not have been perpetuated indefinitely by continued serial passage.
Control inoculations of whole tumor fragments or of cellular emulsions into the testicles, muscles, and subcutaneous tissues of other guinea pigs were performed throughout the series of experiments. Tumor tissue derived from guinea pig generations as well as from rabbit hosts was used, but no takes occurred.
As a rule, the presence or absence of takes in the guinea pig's eye could be determined during the 2nd week after transfer, and at this period, a slight increase in size and a pinkish coloration distinguished growing fragments. Occasionally, however, the transplants remained unchanged in appearance for as long as 110 days but eventually grew to fill the chamber. Vascularization was usually apparent by the 3rd week, but in instances such as the above, the fragments received no visible blood supply during the latent period.
In one instance the chamber was completely filled with tumor on the 15th day, but as a rule, growth proceeded at a slower rate than in the rabbit and 40 to 50 days were generally required before such a size was attained. Thereafter areas of degeneration appeared and the tumors underwent regression. However, regression was rarely com- healthy living tissue persisted and by conSome of the animals were killed for histological examination or to obtain tissue for serial transfer, but the majority were held for continued observation.
Growth was occasionally extremely slow and its course extended over a long period of time. In five instances, the tumor persisted for 500 days without filling the chamber, while in one case growth continued until the animal was killed on the 785th day after transfer and at the end of this period the transplant measured only 2.5 mm. in diameter. However, the tumor was living and the innate growth capacity of its cells unimpaired as was shown by transfer of fragments back to the eyes of rabbits where growth occurred and filled the chambers in 50 days. At autopsy, the tumors appeared as semi-translucent, pinkish-gray masses. The greater part of the iris was often replaced by the tumor tissue of older transplants, but young, fast-growing tumors were attached over only a small portion of their circumference and, on removal of the cornea, resembled sessile polyps. The cornea was never invaded and the growths never extended into the posterior chamber.
Microscopically, the tumors resembled those resulting from homologous transfers. The epithelial elements were identical in appearance and manifested the same tendency to grow in small acinar bundles or in large, solid, cellular masses ( Figs. 1 and 2 ). The stroma was abundant, well vascularized, and healthy in appearance. Nowhere were there lymphocytic infiltrations or cellular evidences of a foreign body reaction. In very old tumors, epithelial elements were scanty and appeared as single cells or isolated acini embedded in a dense hyaline stroma (Figs. 3 and 4) . However, they showed no evidence of degeneration, and successful transfer back to rabbits proved their viability (Fig. 5) .
Serial sections were obtained from many organs, and a thorough search was made for metastases. Foci of cells resembling the essential tumor elements in structure and similar to those frequently present in rabbits with other larger metastatic growths were observed in the lymph nodes and lungs in several cases, but in no instance was a lesion found which could be unequivocally identified as a metastasis.
Swine.-The tumor was successfully transferred to the eyes of swine in June and October, 1938, using material derived from the 8th and 12th anterior chamber series in the rabbit, respectively. Two hogs weighing approximately 45 pounds each were used in each transfer. A take occurred in a single animal in the first experiment, but growth resulted in both of the hogs used in October.
A biopsy was performed on the eye of one of the latter animals 15 days after transfer and the greater part of the tumor removed. Fragments of this growth were transplanted to the eyes of two additional hogs and a cellular emulsion inoculated intratesticularly into four others. Growth occurred in the anterior chamber in both instances, but no takes resulted from the testicular inoculation.
Takes were evident in hogs' eyes at the end of a week. Subsequent growth was exceptionally rapid, and in all five animals, the anterior chamber was completely filled by the 15th day. In contrast, fragments of the tumor transferred at the same time to the eyes of control rabbits showed only presumptive evidence of growth on the 15th day.
The ultimate fate of the tumor in this species has not been determined. Complete 465 regression followed the filling of the chamber in two instances, while in two others small areas of living tissue were present at autopsy, one month after transfer. The tumor apparently had been entirely removed in the remaining animal, for no further growth occurred after biopsy. Microscopically, the tumor appeared more active than in either the guinea pig or the rabbit (Fig. 6 ). Epithelial cells were more abundant and tended to grow in solid sheets with less attempt at acinar formation. Connective tissue stroma was scanty, but the tumor was permeated with small, thin-walled blood vessels. A thorough microscopic search was made, but no metastatic foci were found.
Goats.-The tumor was also successfully transferred to the eye of a goat in June, 1938, using material from the eighth rabbit eye generation. Two animals were used in this experiment and a take occurred in one. Serial transfers were not attempted.
Growth was evident in the one instance at the end of 3 weeks. Subsequent progress of the tumor was extremely slow, and after 6 months the fragment, although well vascularized, had no more than tripled in diameter. No further increase in size was noted, and at the end of 10 months regression began. One year after transfer the tumor had completely disappeared, and only a small scar on the iris marked the site of growth.
T-36 Tumor
Successful heterologous transplantation of the tumor, T-36, was effected in guinea pigs, swine, and sheep. The original tumor tissue was obtained from a splenic metastasis of an acinar type breast carcinoma which, at the present time, has been carried by serial anterior chamber transfer through more than 50 generations of rabbits (17) . Growth occurs in 100 per cent of rabbits, irrespective of age, sex, or breed. Takes are usually evident on the 5th day and the chamber is often completely filled by the 15th day. Thereafter, regression invariably occurs, and in no instance to date have metastases been found or has it been possible to transfer the tumor to any other site in the body.
Guinea Pigs.-The results of transfer of this tumor to the anterior chambers of guinea pigs are shown in Table II . Successful transplantation from the rabbit host was performed in October and December, 1938, and in March, 1940, using material derived from the first, fifth, and 40th anterior chamber generations. The two latter transfers were discontinued after the first generation, but serial transplantation was performed in the first instance and the tumor has now been carried for 2 years or 48 consecutive generations in the alien species.
Both young pigs weighing as little as 250 gm. and older animals weighing up to a kilo were used in the serial transplantation experiments. The percentage of takes and course of the tumors were similar in both cases, but the growth rate was slower in the older animals and takes could rarely be recognized before the 10th day. On the other hand, growth was almost invariably evident by the 5th day in young pigs, and subsequent progress was rapid. Occasionally, growth ceased and regression occurred before the chamber was filled, and animals of this type were found to be refractory to reinoculation. In the majority of cases, however, growth continued until the chamber was filled. This usually occurred by the 10th day in young animals, while in older pigs 2 to 3 weeks were required. Further increase in size was attended with bulging of the cornea and degenerative changes in the tumor, but in general, the tissue remained viable and could be transplanted for as long as a week after filling the chamber. Occasionally, the cornea ruptured in consequence of the increased pressure and the tumor protruded externally. Infection and spontaneous regression invariably occurred in such cases.
Growth was progressive and continued throughout the life of the pig in 5 per cent of cases. This is a special feature in the guinea pig and has never been observed in the rabbit despite the fact that the course of the tumor has been followed in more than 400 animals. It occurred almost exclusively in pigs inoculated in February and March and apparently bore no relationship to the status of the animal or the rate of growth.
In such cases, external extension was a gradual process and occurred after a period during which the intraocular growth assumed the shape of a cone with its apex invading a localized corneal area. Perforation began at the apex of the cone and the area widened to form a carcinomatous ulcer. Eventually, the cornea was destroyed and the tumor protruded as a fungating mass.
The majority of animals of this type were killed, but a number were held to determine the eventual fate of the tumor. The course of growth, in such instances, averaged 90 days but in one animal extended for 154 days, and in all cases, terminated in death from pneumonia. At autopsy, the tumors were found to have extended laterally under the conjunctiva and posteriorly into the vitreous humor. The posterior chamber was often completely filled and irregularly distended with tumor which destroyed the retina and chorioid but did not invade the sclera. The regional lymph nodes were enlarged but no metastases were visible throughout the body.
Attempts were made in three cases to transplant tissue obtained at biopsy from the fungating eye tumor to other sites in the body including testicle, muscle, and skin. Such a procedure has been successfully used in rabbits when transfer to new sites in normal animals failed, but growth did not occur in the pigs in question. Numerous attempts to transplant the tumor from the eye of one pig to new sites in another were likewise unsuccessful.
At intervals throughout the experiments tumor tissue from guinea pigs was transplanted back into rabbits. Takes occurred in all instances, and the characteristics of the resulting tumors were in no way different from those observed in serial rabbit transfers.
Microscopically, the epithelial elements of the tumor in the guinea pig are identical with those observed in the rabbit, but in contrast to the almost complete structural disorganization found in the latter species, the cells tend to arrange themselves in more or less definite architectural patterns. Transplants of this tumor in the rabbit consist of solid undifferentiated cellular masses, whereas in the guinea pig growth occurs in the form of well defined acinar bundles (Figs. 7 and 8) . Curiously, this structural arrangement is almost identical with that observed in the primary breast tumor in the spontaneous rabbit host, while the architecture of transplants in rabbits' eyes bears a close resemblance to that of metastases of the primary breast growth. However, in old, progressive guinea pig tumors the characteristic acinar pattern is lost and replaced by an arrangement of cells in solid sheets and irregular infiltrating cords (Fig. 9) . The tumors are supplied with an abundant, loose, connective tissue stroma which carries numerous thin-walled blood vessels. Eye, 5th
Eye, 40th The iris was infiltrated with tumor cells in all cases and the ciliary body was almost invariably invaded. In old growths, extensions could be traced under the palpebral conjunctiva, but the muscle of the eyelid was never involved. All organs of the body were carefully searched but metastases were not found.
Swine.-The tumor was successfully transferred to hogs in February, 1939, and again in August, 1940, with tissue derived from the 10th and 51st rabbit generations (Fig.  10) . Two animals were used in each experiment and takes occurred in all instances. Serial transplantation to a second generation was undertaken as part of the first experiment and here also growth occurred in all of the animals used.
Evidences of growth were observed by the 7th day in all cases. The chambers of all the animals concerned in the first experiment were filled by the 23rd day, but then regression occurred and a month later no living tissue remained. On the other hand, regression occurred 2 weeks after transfer when the chamber was only one-fourth filled in both animals of the second experiment.
Microscopically, the cells were somewhat smaller and contained less cytoplasm than those found in rabbit transplants, but in other respects the growths in the two species were identical.
Sheep.-In March, 1939, tumor tissue derived from the 8th anterior chamber generation in the rabbit was transferred to the eye of a sheep. Growth was apparent at the end of a week and the chamber was filled with tumor after 20 days. Regression then occurred, and the growth was completely necrotic when the animal was killed at the end of one month.
B-240 Tumor
The papillary type rabbit breast carcinoma, B-240, was successfully transplanted to the eyes of guinea pigs, but transfer to other alien species has not been attempted. Experiments were performed with material originally derived from the primary mammary growth and from a lung metastasis in the spontaneous rabbit host. Under transplantation in Guinea pigs Series No. homologous species, growth of the tumor occurs in approximately 60 per cent of males and 37 per cent of females (17) . Takes may be recognized by the 15th day and the chamber is filled between the 35th and 50th days. Regression usually follows, but progressive growth occurs in a small number of cases. Metastases have never been found.
(cont.)
Guinea Pigs.-The results of transfer of this tumor to the anterior chambers of guinea pigs are recorded in Table III . Equal numbers of male and female pigs were used in the series of experiments, and it is significant that both of the takes occurred in males. A total of 32 males were used and 6.2 per cent of takes resulted, whereas no growth occurred in an equal number of females. The takes were obtained in June, 1938, and in June, 1939, with material derived from the 2nd eye generation of the primary growth and the 8th eye generation of the metastasis. Serial transfers were attempted in both instances but growth failed to occur in the 2nd generation. Growth of the transplants was evident in both cases on the 25th day. The fragments increased slowly in size and were distinguished by the same cherry red color that characterizes growths of this tumor in the rabbit. One animal was killed on the 42nd day when the chamber was one-fourth filled with tumor, while the other was held until the growth filled one-half the chamber on the 100th day.
Microscopically, the guinea pig tumors were identical with those resulting from transfer to the rabbit's eye and consisted of an intricate arrangement of interlacing strands of epithelium and connective tissue carrying a rich supply of blood vessels (Figs. 11 and 12) . In both instances, the tumors had invaded the iris and ciliary body, but neither had extended to the posterior chamber. No metastases were found.
Brown-Pearce Tumor
Six attempts were made to transfer the Brown-Pearce rabbit tumor to guinea pigs, but all terminated in failure. The tumor used was obtained from a testicular transplant and first transferred to the eyes of rabbits. Takes occurred in 100 per cent of animals and the tumor was carried for six serial generations in this site. Attempts were made to transfer the growth from representative animals of each generation to the anterior chambers of the eyes of guinea pigs. The uniformly unsuccessful results are recorded in Table IV . 
Normal Rabbit Tissues
The question arose following the successful heterologous transplantation of rabbit tumors as to whether the ability to survive and grow in a foreign species is a peculiar property of neoplastic tissue or is also shared by normal tissue. The ability of normal tissues to grow in the anterior chambers of animals of the same species is well recognized and forms the basis of numerous experimental investigations. Prior to the present work it was observed in this laboratory that endometrium or breast tissue obtained from normal adult rabbits as well as embryonic parts containing mixed tissues could be grown indefinitely in the anterior chambers of the eyes of other rabbits. Adult tissue was found to increase in size at a very slow rate, and no attempt was made to carry the tissue for more than a single generation. On the other hand, embryonic tissue grows rapidly, and in one experiment fragments derived from a 10 day old fetus were carried for six serial generations. Experiments were performed to determine whether or not these tissues could be grown in the anterior chambers of guinea pigs' eyes.
Fragments of normal adult rabbit endometrium were transferred to the eyes of nine guinea pigs. On the 7th day the transplants in eight of the animals were pinkish in color and apparently living, while in one animal the fragment was opaque, white, and obviously dead. The fragments were still living on the 19th day, and histological examination showed the presence of a vascular supply and the absence of any degenerative process or foreign body reaction. However, by the 25th day the pinkish coloration had disappeared and portions of the transplants were opaque and white. The animals were killed on the 28th day, and on microscopic examination the fragments were found to be in an advanced state of degeneration.
Almost identical results were obtained on transplantation of normal adult breast tissue. Embryonic tissue, on the other hand, survived and increased in size until the animals were killed at the end of a month. The rate of growth in guinea pigs, however, was very much slower than in the rabbit, and the fragments had only doubled in diameter when the experiment was terminated. Moreover, histological examination showed that survival and growth were limited to skin and cartilage and that all other tissues of the original graft had disappeared.
SUMMARY
A series of experiments was undertaken in an attempt to transplant rabbit tumors to animals of alien species using the anterior chamber of the eye as an inoculation site. The uterine tumor H-31 and the breast tumors T-36 and B-240 were successfully transplanted to all the various animals tried, including guinea pigs, swine, goats, and sheep, and the H-31 and T-36 tumors were maintained by serial transfer in the two first species. On the other hand, all attempts to transfer the Brown-Pearce tumor to guinea pigs were unsuccessful.
The growth characteristics of the transplanted tumors were generally similar to those observed in the natural host, but noteworthy exceptions occurred. The tumors obtained a blood supply from the foreign host and invaded the periorbital tissues but did not metastasize. Histologically, the cellular morphology of the rabbit tumors was retained, but variations in parenchymal-stromal relations characterized the form of growth in different species. Section of a transplant of the B-240 rabbit tumor from the eye of a first generation guinea pig killed on the 100th day after transfer when the chamber was onehalf filled with tumor. The structure is identical with that found in the rabbit. Hematoxylin and eosin. X 225.
